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Focus 2.   The reconceptualisation of the model of light led to an understanding of the photoelectric effect and black body radiation
*The general formula sheet contains equations you may need

Part A:   Multiple choice questions   ( select the most correct answer )

1a.   Heinrich Hertz demonstrated his famous “spark” experiment in

A. 1810

B. 1852

C. 1887

D. 1913

b.   The speed of the waves that Hertz discovered is 

A. 3 x 10 8 m/s

B. 8 x 10 3 km/h

C. 6.5 x 10 6 m/s

D. 3 x 10 8 km/m

c.   
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Hertz discovered that when a spark occurred in the gap at X, a spark also appeared at Y in the detector loop. This happened because

A. the two wires share a common power source

B. a spark from the induction loop moved over to the detector loop causing a current

C. of electromagnetic waves

D. a pure magnetic field is sitting between the two wires and this causes a current just like in an electric motor

2a.   Radio waves are

A. a type of longitudinal wave

B. a type of cathode ray

C. electromagnetic

D. very similar to sound waves but with a longer wavelength and faster

b.   When a radio wave passes through an antennae 

A. a spark will always form to produce the current

B. electrons are forced to oscillate up and down the conductor

C. a photoelectric effect in the conductor causes an oscillating charge

D. the longitudinal nature of the wave front causes electrons to vibrate and produce a signal

c.   The photoelectric effect 

A. is the production of light from resistors like incandescent globes 

B. causes the emission of electrons from certain metals when subjected to ultraviolet light

C. results in the emission of ultraviolet light from certain metals subjected to a stream of electrons

D. is used widely in the electronics industry to produce commercial lasers

3a.  Which of the following is not part of the electromagnetic spectrum?

A. radio waves

B. light waves

C. gamma waves

D. sound waves

b.   Electromagnetic waves 

A. are a result of accelerating charges

B. cannot travel through space, they need a medium to propagate in

C. are parallel magnetic and electric fields vibrating in the same direction

D. are longitudinal waves with electric and magnetic wave fronts vibrating at right angles to each other

c.   A radio wave can be produced by 

A. positive charges moving through a DC circuit

B. oscillating electrons in a conductor

C. oscillating positive charges in an antennae

D. ultraviolet light striking certain nonconducting materials

4a.   The first person to suggest the idea of “quanta” or “photons” was

A. Hertz

B. Newton

C. Einstein

D. Planck

b.   The theoretical “black body” that scientists sometimes refer to 

A. is a perfect absorber or emitter of light

B. is an extremely dense and massive object that draws in surrounding matter in space

C. produces a current when radiated with ultraviolet light

D. produces strong radio waves in regular pulses

c.   The current explanation for a “black body” is

A. that radiation is absorbed or emitted in packets of energy

B. that the radiation emitted travels as longitudinal electric and magnetic waves vibrating at right angles to each other

C. that the ultraviolet light emitted is caused by moving charges in the gas surrounding the black body

D. the photoelectric effect is caused by the radiation of certain conductors by photons of light

5a.   



1.   Einstein




2.   Newton




3.   Planck




4.   Hertz


Each of the above scientists have made significant discoveries. Which of the following lists places these discoveries in their correct chronological order starting with the earliest?

A. 2, 4, 3, 1

B. 2, 3, 4, 1

C. 1, 3, 4, 2

D. 2, 1, 3, 4

b.   The photoelectric effect is the

A. emission of light by incandescent light 

B. emission of light by fluorescent tubes

C. emission of electrons by certain metals when radiated by light

D. attraction of electrons to areas of high light intensity in special plastics

c.   Einstein proposed an explanation for the photoelectric effect. This basic idea was that

A. at low light levels the electrons are slow to move because of their wave nature

B. a photon can give up all or none of its energy to an electron but not part of it

C. as the light energy increased the kinetic energy of the electrons increase proportionally

D. the emission is not dependent on the frequency of the light

6a.   




E  =  hf

In the above equation, the symbol “h” stands for

A. the energy of the photon

B. Planck’s constant

C. the height that the electron jumps

D. the wavelength of light

b.   A photon is

A. an activated electron

B. a type of positive charge emitted during the photoelectric effect

C. a quanta of energy

D. a type of sound wave

c.   For an electron to be dislodged during the photoelectric effect

A. the photon must contain the exact amount of energy

B. the frequency of the photon must be very low

C. the wavelength of the light needs to be on the red end of the spectrum

D. the photon energy must be below the work energy of the electron to reduce the resistance to movement

7a.  

c  =  fλ

In the above equation “λ” represents

A. the speed of light

B. the frequency of the photon

C. Planck’s constant

D. the wavelength of light

b.   A ray of laser light with a wavelength of 400 nm is travelling at 3.0 x 108 m/s. What is its frequency? (1 nm  =  1 x  10-9 m)

A. 1.2 x 102 Hz

B. 7.5 x 1014 Hz

C. 1.3 x 10-5 Hz

D. 8.0 x 103 Hz

c.   A photon of light has a wavelength of 300 x 10-9 m. What is its energy? (Planck’s constant = 6.6 x 10-34 J.s , speed of light = 3.0 x 108 m/s)

A. 6.6 x 10-19 J

B. 1.7 x 10-19 J

C.   6.0 x 10-12 J

D.   5.9 x 10-35 J

Part B:   Short Answer Questions

   *Show all working in questions with calculations

   *Use the table of equations to select the appropriate equation when
1a.   Name three types of electromagnetic waves? ____________________________________________________________________

b.   How does an electromagnetic wave move from one place to another? ________________________________________________________________________________________________________________________________________

c.   Describe the experiment Hertz used to establish the existence of electromagnetic waves. What is the speed of these waves? ____________________________________________________________________________________________________________________________________________________________________________________________________________

2a.   What is a radio wave? ____________________________________________________________________

b.   What does a radio wave do to an antennae? ________________________________________________________________________________________________________________________________________

c.   Describe the photoelectric effect that Hertz discovered. ____________________________________________________________________________________________________________________________________________________________________________________________________________

3a.   What is an electron? ____________________________________________________________________

b.   
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As the above magnetic field moves through and past the conductor, what will happen to the mobile electrons in the conductor? ________________________________________________________________________________________________________________________________________

c.   What is the purpose of an antennae at a radio station? Describe the science behind it. ____________________________________________________________________________________________________________________________________________________________________________________________________________

4a.   Describe what scientists mean by a “black body”. ____________________________________________________________________

b.   Draw the black body radiation curves that Max Planck examined for his famous work. 


Energy

radiated






Wavelength

c.   To explain the black body radiation curves, Max Planck suggested a radical change to current classical physics derived from Newton and Maxwell. Outline his hypothesis. ____________________________________________________________________________________________________________________________________________________________________________________________________________

5a.   What is a quanta? ____________________________________________________________________

b.   What factors determine the energy level of a quanta? ________________________________________________________________________________________________________________________________________

c.   Outline Einstein’s explanation of  quanta and the associated absorption and emission from black bodies. ____________________________________________________________________________________________________________________________________________________________________________________________________________

6a.   What do each of the symbols mean in the following equation?





E  =  hf


E. ____________________________


h. ____________________________


f. ____________________________

b.   What is a photon? ________________________________________________________________________________________________________________________________________

c.   Light can be viewed as a particle or a wave. How did the discovery of photons help the particle view? ____________________________________________________________________________________________________________________________________________________________________________________________________________

7a.   What do each of the symbols mean in the following equation? 


c  =  f λ


c. _______________________


f. _______________________


λ. _______________________

b.   Combine the following two equations to find one that only has E, c, h and λ in the expression.


c  =  f λ




E  =  hf




E  =   

c.   Find the wavelength of a photon of light that contains a quanta of energy of 

     3.0 x 10-19 J.  (speed of light  =  3.0 x 108 m/s)

Part C:   Compulsory Practicals and Research Activities

   *Show all working in questions with calculations

   *Use the table of equations to select the appropriate equation when needed

1a.   What is a radio wave? ____________________________________________________________________

b.    What can cause an electron to move? ________________________________________________________________________________________________________________________________________

c.   Describe an activity you carried out to demonstrate the production and reception of radio waves. Explain the reasons why this happens. ________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

2a.   What is an electron? ____________________________________________________________________

b.   What is a photon? ________________________________________________________________________________________________________________________________________

c.   Describe a method you could use to display the photoelectric effect. Explain why it happens. ________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

3a. What is a “black body”? ____________________________________________________________________

b.   Why were the properties of a black body in conflict with classical physics before 1900? ________________________________________________________________________________________________________________________________________

c.   Outline Einstein’s contributions to our understanding of quanta and the explanation of black body radiation. ________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

4a.   What is the photoelectric effect? ____________________________________________________________________

b.   Describe how the photoelectric effect works. ________________________________________________________________________________________________________________________________________

c.   Choose two of the following devices and describe how the photoelectric effect is utilised in their operations.  1.  Breathalyser.   2.   Solar cells.   3.   Photocells. ________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

5a.   Find the speed of a photon with a frequency of 7.5 x 1014 Hz and a wavelength of 4.0 x 10-7 m.

b.   Calculate the frequency of a photon of light with an energy of 2.4 x 10-19 J.

c.   Determine the energy of a single photon with a wavelength of 1.5 x 10-7 m.

6a.   Name one of Planck’s contributions to science. ____________________________________________________________________

b.   Name two of Einstein’s discoveries or contributions to science. 1.__________________________________________________________________2.__________________________________________________________________

c.   Discuss whether science research should be independent of any social or political forces. ________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

.   

Focus 2   Answers

Part A


a
b
c

1.
C
A
C

2.
C
B
B

3.
D
A
B

4.
D
A
A

5.
A
C
B

6.
B
C
A

7.
D
B
A

Part B
1a.   Light, radio, X-ray, T.V., microwave.

b.   By alternating magnetic and electric waves vibrating at right angles and generating each other.

c.   A high voltage induction coil alternates current in a sender loop. A detector loop nearby has an alternating current set up by the electromagnetic waves causing a spark in the gap.

2a.   A radio wave is an electromagnetic wave with a longer wavelength than light.

b.   The radio wave passes through the antennae and causes electrons to fluctuate up and down the conductor producing a signal.

c.   While conducting his electromagnetic wave experiment, Hertz noticed that the gap in the detector could be widened and still produce a spark if ultraviolet was shone on the detector.

3a.   An electron is a small negative charge that makes up the shells of atoms and in the right material is mobile.

b.   The electrons will be forced to move upwards (opposite to current direction, see the RH rule).

c.   The antennae is a conductor. A carrier signal from the station causes electrons to fluctuate up and down the conductor. This causes electric and magnetic waves to spread out into the air as electromagnetic radio waves, which in turn fluctuate electrons in the receiving antennae.

4a.   A black body is the ideal absorber or emitter of radiation.

b.    

c.   Quantum theory! Planck suggested that absorption and radiation occurs in “packages” or quanta of energy. Therefore, light can be viewed as a stream of photons or energy packages.

5a.   A quanta is a specific package of energy.

b.   E  =  hf   (h is a constant)    Therefore, the higher the frequency or the shorter the wavelength (from c  =  f λ) the greater the energy in the “quanta”.

c.   If the quanta of energy is not large enough to overcome the work function (resistance to jumping) of an electron in an atom, then the electron does not move. This is why some types of radiation (ie UV) cause the photoelectric effect and others don’t have the energy to do it. Emission from activated electrons as they fall back down to their normal orbital is also in specific packages of energy commonly called photons.

6a.   E  =  energy of the photon


 h  =  Planck’s constant


 f  =  frequency of the photon

b.   A photon is a quanta of energy radiated when an activated electron dumps the extra energy it has absorbed.

c.   Photons are quanta of energy radiated from atoms with activated electrons. These quanta can be viewed as moving particles (E  =  mc2), hence backing the particle nature of electromagnetic radiation.

7a.   c  =  speed of light


 f  =  frequency of the radiation

         λ  =  wavelength of the radiation

b.   E  =  hf

      c  =  f λ

Therefore   E  =  hc/ λ

c. 
λ  =  hc/E


    =  6.6 x 10-34 x 3.0 x 108 / 3.0 x 10-19







    =  6.6 x 10-7 m

Part C
1a.   A form of electromagnetic radiation with a longer wavelength than light

b.   Electrons are moved by interactions with electric or magnetic fields.

c.   For example: two way radios, Hertz’s apparatus. The description needs to be detailed with explanation of the concepts behind the phenomena, that is, the electromagnetic radiation from the original signal causes fluctuations of electrons in the receiving antennae 

2a.   An electron is an elemental particle with a rest mass of 9.1 x 10-31 kg and a negative charge of 1.6 x 10-19 C. They are present in all atoms occupying shells around the nucleus.

b.   A photon is a particle with a zero rest mass consisting of a quantum of electromagnetic radiation. It is a unit of energy equivalent to “hf”, where h is Planck’s constant and f the frequency of the radiation. It travels at the speed of light.

c.   The photoelectric effect can be observed in devices like photocells, solar cells and breathalysers. The quantum of light energy (photon) strikes the electron in an element and dislodges it (if it has the correct amount of energy). These dislodged electrons then form a current that can be measured or used to run machines etc.

3a.   A perfect emitter and absorber of radiation.

b.   The classical physics of Newton and Maxwell considered radiation to be a continuous wave. This wave idea did not explain some of the properties of light and matter interactions ie the photoelectric effect.

c.   Einstein proposed that radiation is not even but occurs in bundles of energy (quanta) and black bodies absorb or radiate only in set packages of energy. A photon will not be absorbed by an atom if the energy level is below a minimum amount.

4a.   When light falls on certain materials, electrons are disrupted to produce a current.

b.   According to quantum theory, the electrons are disrupted if the photon’s package of energy is large enough to overcome the resistance of the electron to jump (work function).

c.   Breathalyser:  the alcohol in the breath passes through a solution of potassium dichromate and sulfuric acid. As the colour changes, the photosensitive cells measure the amount of light passing through and this indicates alcohol content in the breath.


Solar cells:   they use silicon (which is a semiconductor) that releases electrons when light falls on it.


Photocells:   this is a type of vacuum tube where the cathode is coated with a photosensitive material. As light hits it electrons are displaced and accelerated towards the diode (due to a potential difference between the electrodes) forming a current in the circuit.

5a.      c  =  fλ 

       =   3.0 x 108 m/s

b.   

f  =  E/h



    =   2.4 x 10-19 / 6.6 x 10-34


    =   3.6 x 1014 Hz

c.   

E   =   hf

c   =   f λ
f   =   c/ λ


    =   3.0 x 108 / 1.5 x 1015


    =   2.0 x 1015



E   =   6.6 x 10-34 x 2.0 x 1015


     =   1.3 x 10-18 J


6a.   The main one was the proposal that radiation occurs as photons or quanta. This opened up a new era in physics.

b.   Einstein: explained Brownian motion, developed special relativity, explained the photoelectric effect (which gave him a Noble prize).

c.   This depends on whether your point of view is from the side of political control and distribution of finance or from the side of unrestricted basic scientific research.
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